
4 

- NASA CR-54058 

! 

F A B R I C A T I O N  OF BERYLLIUM-CLAD 

Ir.*.\?ACT TARGETS .CI IC. I I I  A n i n v n ~ n \ r c ~  A P I T V  
I U P U L H K  n r r c n v c L u v i i  I 

B Y  G A S  PRESSURE B O N D I N G  

by 

R. J. Diersing, H. D. Hanes, and E. S. Hodge 

prepared  f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

- - -  CONTRACT NAS 3-3651 

OTS PRICE 

XEROX 

MICROFILM $ 

I B A T T E L L E  
M E M O R I A L  I N S T I T U T E  



NOTICE 

This report was prepared as an account of  Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of  NASA: 

A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of  the information contained in this 
report, or that the use of any information, apparatus, 
method, or process disclosed in  this report may not 
infringe privately owned rights; or 

B.) Assumes any l iabi l i t ies with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 

As used above, "person acting on behalf of NASA" includes 
any employee ar contractor of NASA, or employee of  such con- 
tractor, to the extent that such employee or contractor of NASA, 
or employee of  such contractor prepares, di sseminates, or 
provides access to, any information pursuant to his employment 
or contract with NASA, or h is  employment with such contractor. 

Requests for copies of this report should be referred to 

National Aeronautics and Space Administration 
Office of Scientific and Technical Inform3tion 
Attention: AFSS-A 
Washington, D. C. 20546 

Y 



NASA CR-54058 

SUMMARY REPORT 

FABRICATION OF BERYLLIUM-CLAD TUBULAR HYPERVELOCITY 
IMPACT TARGETS BY GAS PRESSURE BONDING 

b Y  

R. J. Diersing, H. D. Hanes, and E. S. Hodge 

prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

November 6, 1963 

CONTRACT NAS 3-3651 

Technical Monitor 
NASA Lewis Research Center 

Cleveland, Ohio 
Flow Processes  Branch 

James H. Diedrich 

BATTELLE MEMORIAL INSTITUTE 
505 King Avenue 

Columbus, Ohio 43201 



TABLE OF CONTENTS 

Page 

SUMMARY. o o e . . 1 

INTRODUCTION . o . . 1 

MATERIALS. . . . . 2 

EXPERIMENTAL PROCEDURE . . . . . . . . . . . . . . . . . . . . . .  2 

Assembly o f  Tubes From Hydros ta t i ca l l y  Pressed 
QMV Bery l l ium Powder. . . . . . . . . . . . . . . . . . . .  3 

Assembly of Tubes From PX20 Extruded Beryl 1 ium. . . . . . . .  4 

Gas-Pressure Bonding. . . . . . . . . . . . . . . . . . . . .  4 

nnranninn nf T=rgetsY . . . . . . . . . . . . . . . . . . . .  5 ............ 
Machining and Cut t ing  . . . . . . . . . . . . . . . . . . . .  5 

RESULTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

DISCUSSION OF RESULTS. . rn 7 

H y d r o s t a t i c a l l y  Pressed Bery l l ium Targets . . . . . . . . . .  7 

Hot-Pressed, Extruded Beryl1 ium Targets . . . . . . . . . . .  8 

Decanning and Machining of t h e  Targets t o  F ina l  Size. . . . .  8 

CONCLUSIONS. . . e . 0 o 9 

RECOMMENDATIONS. . . . . . . . . . . . . . . . . . . . . . . . . .  10 



rl 
M 
CD 
N 

FABRICATION OF BERYLLI UM-CLAD TUBULAR HYPERVELOC ITY 
IMPACT TARGETS BY GAS PRESSURE BONDING 

R. J. Diersing, H. D. Hanes, and E. S. Hodge 

\ Beryl  1 ium armor was gas-pressure bonded to  t u b u l a r  1 iners  t o  

p r o v i d e  hyperve loc i ty  impact targets.  Target s i z e  was 6 inches long,. 

by 1.220 inches i n  diameter o f  b e r y l l i u m  over  0.500-in.-OD Type 316 
I 

I W  
s t a i n l e s s  s t e e l  o r  niobium-1 percent z i rconium a1 l o y  having nominal w a l l  

s t a t i c a l l y  pressed from QMV powder o r  f a b r i c a t e d  from PX20 extruded 

and annealed b e r y l l i u m  tubing. 

140OOF f o r  1 hour a t  10,000 p s i  were u t i l i z e d  t o  d e n s i f y  and bond the  

b e r y l l i u m  t o  t h e  s t a i n l e s s  s t e e l  o r  niobium l i n e r  tubes. 

Gas-pressure-bonding cond i t ions  o f  

INTRODUCTION 

The gas-pressure-bonding process was inves t iga ted  as a f a b r i c a t i o n  

technique f o r  producing t u b u l a r  beryl1 ium-clad s t a i n l e s s  s t e e l  and 

niobium hyperve loc i ty  impact targets .  

i n  leng th  by 1.220-in. diameter o f  beryl  1 ium over  0.500-in. OD Type 316 

s t a i n l e s s  s t e e l  o r  niobium-1 percent z i rconium a l l o y  t u b i n g  having nominal 

w a l l  th icknesses o f  10, 25, and 40 mils. Several b e r y l l i u m  t e s t  bars 

3/8 inches i n  diameter x 6 inches long were processed under t h e  same 

cond i t ions  from t h e  same s t a r t i n g  mater ia ls  as t h e  targets .  

intended f o r  use i n  subsequent mater ia l  p r o p e r t y  determinations. 

These impact ta rge ts  were 6 inches 

They were 
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The b e r y l l i u m  p o r t i o n  o f  t he  t a r g e t  was f a b r i c a t e d  e i t h e r  from 

QMV powder h y d r o s t a t i c a l l y  pressed t o  the  des i red  t u b u l a r  shape o r  

from extruded and annealed b e r y l l  ium tubing. 

l i um t o  the  s t a i n l e s s  s tee l  o r  niobium l i n e r  tubes was accomplished by 

gas-pressure bonding a t  140OOF f o r  1 hour a t  10,000 ps i .  This process 

involves the  a p p l i c a t i o n  o f  heat and pressure t o  specimens t o  dens i f y  

and bond the  b e r y l l i u m  t o  the tubing. 

Bonding o f  the  be ry l -  

? 

hyperve loc i ty  impact targets .  The d e t a i l s  presented i n  t h i s  repo r t  P 

N 
(r, 
rA 

This i n v e s t i g a t i o n  was d i r e c t l y  assoc iated w i t h  the procurement o f  

document the  f a b r i c a t i o n  o f  the  targets .  

analyze the  bonds produced o r  op t im ize  the  bonding parameters. 

No at tempts were made t o  

MATER1 ALS 

Two d i f f e r e n t  types o f  b e r y l l  um were employed i n  the  f a b r i c a t i o n  

o f  t he  hyperve loc i t y  targets .  

Brush Bery l l ium Company. Table 1 s the  c e r t i f i e d  ana lys i s  o f  t he  

powder suppl i e d  by Brush. 

extruded, and annealed PXPO-grade b e r y l l  iurn tub ing  f a b r i c a t e d  by the  

Bery l l ium Corporat ion t o  1-1/4-in. OD by l /Z- in.  I D  by 6-in. lengths 

p r i o r  t o  pressure bonding. Table 2 l i s t s  an ana lys i s  o f  t h e  tub ing  

as suppl i e d  by the  Beryl  1 ium Corporation. 

The QMV-grade powder was supp l ied  by the  

The o the r  type o f  bery l  1 ium was hot-pressed, 

EXPERIMENTAL PROCEDURE 

Two d i f f e r e n t  methods were i nves t i ga ted  f o r  t he  f a b r i c a t i o n  o f  t h e  

b e r y l l i u m  c l a d  employed i n  the  hyperve loc i t y  targets .  QMV grade powder 

was c o l d  h y d r o s t a t i c a l l y  pressed and then machined t o  the  des i red  s i z e  
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be fore  gas-pressure bonding to  t h e  s t a i n l e s s  s t e e l  o r  niobium tubing. 

I n  t h e  o t h e r  method, hot-pressed, extruded, and annealed PX20-grade 

b e r y l l i u m  was f a b r i c a t e d  a t  t h e  Bery l l ium Corporat ion t o  t h e  des i red 

s i z e  be fore  specimen assembly and gas-pressure bonding. 

Assembly o f  Tubes From 
H y d r o s t a t i c a l l y  Pressed QMV Beryl  1 ium Powder 

Beryl  1 ium QMV powder was c o l d  hydros ta t i ca l  l y  pressed a t  60,000 

p s i  over the  s t a i n l e s s  s tee l  o r  niobium tub ing  t o  t h e  des i red  c y l i n d r i c a l  

shape. F igure 1 i s  a photograph o f  the components employed dur ing t h e  

assembly o f  t h e  specimen p r i o r  t o  hydros ta t i c  pressing. Gooch rubber 

t u b i n g  was s t re tched i n s i d e  a metal preform and turned over on each 

end. A m i l d  s t e e l  mandrel was machined t o  f i t  i n s i d e  t h e  Type 316 

s t a i n l e s s  s t e e l  o r  niobium-1 z i rconium tube and two m i l d  s tee l  wheels 

were used t o  center  t h e  l i n e r  tub ing  on t h e  loading container.  Th is  

assembly was then s l ipped i n t o  t h e  rubber preform as i l l u s t r a t e d  i n  

F igure  2. The small  rubber bands ho ld  t h e  components i n  place. A 

rubber stopper was g lued i n t o  one end o f  t h e  preform, sea l ing  t h i s  end 

o f  t h e  specimen. Then b e r y l l i u m  powder was v i b r a t o r y  packed i n t o  t h e  

assembly. The upper spacer w i t h  t h e  holes d r i l l e d  i n  i t  was then re- 

p laced w i t h  a s o l i d  wheel, and a rubber stopper glued i n  t h i s  end, The 

remaining l e n g t h  o f  Gooch tub ing was s t re tched over  t h i s  assembly and 

sealed i n  p repara t ion  f o r  h y d r o s t a t i c  pressing. As a f i n a l  precaut ion 

against  r u p t u r e  o f  t h e  Gooch tub ing  during h y d r o s t a t i c  pressing, a second 

length  o f  Gooch tub ing  was s t re tched over t h e  assembly and sealed. 

specimen assembled i n  t h i s  manner was h y d r o s t a t i c a l l y  pressed a t  60,000 

ps i .  

Each 

A f t e r  pressing, t h e  rubber stoppers and Gooch t u b i n g  were c u t  from 

t h e  specimen and t h e  metal preform removed, F igure  3 i l l u s t r a t e s  a 
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specimen a f t e r  hydros ta t  c pressing. 

The m i l d  s tee l  whee s were no t  removed f r o m  t h e  specimen u n t i l  

machining t o  f i n a l  s i z e  p r i o r  t o  pressure bonding. A f t e r  rough 

machining, the  specimen was canned i n  m i l d  s tee l .  S ta in less  s tee l  

end plugs were welded i n  each end i n  an i n e r t  atmosphere t o  seal 

t h e  specimen. An evacuation stem o f  1/8-in.-diameter s t a i n l e s s  s t e e l  

t ub ing  waswelded i n t o  one o f  t h e  end plugs t o  evacuate t h e  specimen 

t o  10 microns p r i o r  t o  gas-pressure bonding. Th is  evacuat ion stem 

was sealed w h i l e  the  specimen was under a vacuum. 

photograph o f  t h e  specimen p r i o r  t o  pressure bonding. 

F igu re  4 i s  a 

Assembly o f  Tubes From 
PX20 Extruded Beryl 1 ium 

Beryl 1 i urn tube ta rge ts  were a1 so assembl ed from hot-pressed, extruded, 

and annealed PX20 be ry l  1 iuni tubes 1-1/4-in.-OD by 1/2-in.- ID by 6 inches 

long suppl i e d  by the  Beryl 1 ium Corporation. I n  F igure  5, t h e  components 

necessary f o r  t h e  assembly o f  t h e  t a r g e t s  f a b r i c a t e d  from the  extruded 

b e r y l l i u m  a r e  shown. 

the  s ta in less  s tee l  o r  niobium tubing. The mandrel and tube were f i t t e d  

i n s i d e  the  l /Z in . -d iamete r  h o l e  i n  t h e  extruded be ry l1  ium section, which 

i n  t u r n  was sealed i n  a m i l d  s tee l  can as p r e v i o u s l y  described. 

A m i l d  s t e e l  mandrel was machined t o  f i t  i n s i d e  

Gas-Pressure Bonding 

The tube ta rge ts  and t e s t  bars were gas-pressure bonded for  1 hour 

a t  1400°F a t  a pressure of  10,000 psi.  

was app l i ed  a t  2OOOF and then increased simultaneously w i t h  t h e  temperature, 

A minimum pressure o f  1000 p s i  
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The bonding temperature var ied  between 1375 and 1430°F. Two o f  t h e  

t a r g e t s  d i d  no t  achieve f u l l  dens i ty  because leaks developed dur ing  

t h e  gas-pressure bonding cycle. 

Decanninq o f  Targets 

The s t e e l  cans were removed from the t a r g e t s  by p i c k l i n g  i n  an 

The temperature of aqueous 50 volume percent n i t r i c  a c i d  so lut ion.  

t h e  bath was maintained a t  16OOF. The m i l d  s t e e l  mandrels i n s i d e  t h e  

s t a i n l e s s  s tee l  o r  niobium tub ing  were not r e a d i l y  removed by p i c k l i n g  

so d r i  1 1  ing  o f  t h e  mandrels and then rep ick l  ing  was necessary t o  remove 

them. 

Machinina and Cut t ina  

The hyperve 

1.220- in. OD as 

machining t o  remove the  microscopic surface 

t h e  machining operation. Approximately 5 m i  

by e t c h i n g  i n  a s o l u t i o n  o f  5 weight percent 

o c i t y  ta rge ts  were machined and hand po l i shed t o  

l l u s t r a t e d  i n  F igure  6. One-half o f  t h e  t a r g e t s  o f  

each i t e m  were c u t  i n  h a l f  t o  3 inches to f i t  a h y p e r v e l o c i t y  t e s t i n g  

apparatus. Several ta rge ts  o f  I t e m  3 and 6 were etched a f t e r  f i n a l  

r r e g u l a r i t i e s  induced by 

s o f  m a t e r i a l  was removed 

H2S04, 75 weight percent 

H3P04, 7 weight percent C r  0 

was maintained between 120 and 13OOF. 

t h e  balance water. The s o l u t i o n  temperature 
2 3' 
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Bery l l ium t u b u l a r  t a r g e t s  and c y l i n d r i c a l  t e s t  bars were f a b r i c a t e d  

by t h e  gas-pressure bonding process descr ibed herein. 

0.5-in. I D  by 1.5-in. OD by 6 in. i n  leng th  and t h e  t e s t  bars were 0.375 

in. i n  diameter by 6 in. i n  length. Table 3 l i s t s  t h e  coding o f  samples 

sent t o  NASA. The appearance o f  t h e  deformed m i l d  s tee l  cans i nd i ca ted  

t h a t  d e n s i f i c a t i o n  o f  t he  h y d r o s t a t i c a l l y  pressed and extruded b e r y l l i u m  

The t a r g e t s  were 

? 
co 
m w 
P 

had taken place. Visual  examination o f  t he  b e r y l l i u m  t a r g e t  a f t e r  removal 

o f  t he  m i l d  s tee l  can and mandrel by t h e  n i t r i c  a c i d  p i c k l e  revealed a 

s l i g h t  bowing i n  the  h y d r o s t a t i c a l l y  pressed b e r y l l i u m  targets.  As a 

resu l t ,  a f t e r  f i n a l  machining and pol ish ing,  t h e  o u t s i d e  diameter o f  t he  

specimen was concent r i c  w i t h  t h e  ends and s t ra igh t ,  w h i l e  the  bore was 

bowed. 

sa t is fac to ry ,  and most diameters f i n i s h e d  t o  1.220 inch a f t e r  po l i sh ing .  

Three targets, two o f  I t em 4 and one o f  Item 5, were o f  diameters o f  less  

than 1.220 in. Three targets, one each o f  Items 8, 9, and 10, d i d  no t  

achieve f u l l  dens i ty  due t o  a leak  i n  t h e  can dur ing  t h e  gas-pressure- 

The machined and po l i shed  sur face  on the  t a r g e t s  was q u i t e  

ong i tud ina l  c rack  along bonding cycle.  Two ta rge ts  o f  Item 9 had a 

t h e  ou ts ide  l eng th  o f  each ta rge t .  

Two ta rge ts  o f  I tem 3 and two o f  Item 6 were etched a f t e r  f i n a l  

machining t o  remove sur face  f i n i s h i n g  e f fec ts .  The t a r g e t s  o f  I tem 6 

were masked o f f  on t h e  ends t o  prevent excessive a t t a c k  o f  the  be ry l -  

1 ium a t  t h e  1 iiner armor in te r face .  
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Eight  t e s t  bars were machined t o  a s i z e  o f  3/8 in. by 6 in. 

i n  length. Four t e s t  bars were machined from t h e  hot-pressed and ex- 

t ruded b e r y l  1 ium and four  from t h e  h y d r o s t a t i c a l l y  pressed bery l  1 ium. 

The diameters o f  t h e  t e s t  bars machined from t h e  pressed b e r y l l i u m  pow- 

der were less than 3f8 in. i n  diameter. One o f  these t e s t  bars broke 

i n t o  two p a r t s  w h i l e  machining. 

DISCUSSION OF RESULTS 

Hydrostat ica l  l y  Pressed Beryl 1 ium Targets 

A tendency f o r  t h e  h y d r o s t a t i c a l l y  pressed b e r y l l i u m  tube t a r g e t s  

t o  bow dur ing  t h e  h y d r o s t a t i c  pressing a t  60,000 p s i  was a major prob- 

lem. I n  most o f  t h e  ta rge ts  fabr ica ted  i n  t h i s  manner t h e  bowing was 

s l i g h t .  However, i n  several of  t h e  pressed targets,  t h e  bowing was 

appreciable. Probably t h e  bery l  1 ium powder was not  loaded evenly 

around t h e  s t a i n l e s s  s tee l  o r  niobium tub ing  and mandrel. Dur ing 

h y d r o s t a t i c  press ing t h e  t a r g e t  dens i f ied  more u n i f o r m l y  i n  some instances, 

w h i l e  i n  o thers  i t  d i d  not. Also, the mandrel suppor t ing t h e  l i n e r  

tube was loaded on the  ends by the  rubber stopper causing l o n g i t u d i n a l  

camber. Some al lowance should be made i n  f u t u r e  samples t o  a l l o w  t h e  

rubber stoppers t o  move along t h e  rods dur ing d e n s i f i c a t i o n .  

P r i o r  t o  gas-pressure bonding, the h y d r o s t a t i c a l  l y  pressed bery l  1 ium 

This  uneven loading o f  t h e  powder t a r g e t s  were machined t o  f i t  t h e  cans. 

l e f t  depressions near t h e  ends o f  t h e  specimen a f t e r  machining f o r  canning. 
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Hot-Pressed, Extruded Beryl  1 ium Targets 

The b e r y l l i u m  armor fo r  these t a r g e t s  was received from 

Berylco machined t o  f i t  the  ou ts ide  can and s l i p  over  t h e  tub ing  and 

mandrel. A s l i g h t  bowing tendency was observed i n  a few o f  these t a r -  

gets. Th is  was, however, t o  a l esse r  degree than on t h e  h y d r o s t a t i c a l l y  

pressed powder be ry l  1 ium targets .  

Decanning and Machining o f  t h e  Targets t o  F ina l  S ize 

The n i t r i c  a c i d  bath used t o  remove t h e  m i l d  s tee l  cans from 

t h e  specimens a f t e r  gas-pressure bonding was very e f f e c t i v e  and d i d  no t  

e tch  o r  a t t a c k  the  surfaces of t h e  bery l l ium,  t h e  s t a i n l e s s  steel ,  o r  

t he  niobium tubing. However, t hea t tack  o f  t h e  a c i d  on the  m i l d  s tee l  

mandrel through the  center  o f  t h e  t a r g e t  was q u i t e  slow. This  necessi- 

t a t e d  d r i l l i n g  ou t  t h e  mandrel t o  speed up removal. This method proved 

successful. 

A f t e r  machining t o  a diameter o f  1.250 inches, some o f  t he  t a r g e t s  

exh ib i t ed  s l i g h t  indenta t ions  i n  the  surface. This  was remedied by 

machining and p o l i s h i n g  t o  a diameter o f  1.220 inches. 

be ry l l i um stock was present  dur ing  i n i t i a l  assembly o f  t h e  t a r g e t s  t h a t  

were e i t h e r  h y d r o s t a t i c a l l y  pressed or ho t  pressed and extruded t o  shape. 

Not enough 

The etchant ( r e f e r  page 5 )  employed t o  remove 3 t o  5 m i l s  o f  t h e  

be ry l  1 ium t o  improve sur face f i n i s h  was very  sa t i s fac to ry .  

had a tendency t o  penet ra te  about 50 m i l s  from the end o f  the  specimen 

a t  t h e  tubing-armor interface, e tch ing  ou t  t h e  react ion.  Masking the  

ends o f  t he  t a r g e t  prevented t h i s  a t tack.  

The etchant  

sj 



CONCLUSIONS 

These conclusions a r e  a r e s u l t  o f  an eva lua t ion  o f  t h e  b e r y l l i u m  

h y p e r v e l o c i t y  t a r g e t s  fabr ica ted  a t  Bat te l  le. The conclusions a r e  

based p r i m a r i l y  on v i s u a l  observat ions made dur ing  decanning, machining, 

and p i c k l i n g  o f  t h e  targets.  

(1) Gas-pressure-bonded bery l  1 ium armor around Type 316 

s t a i n l e s s  s t e e l  o r  niobium-1 weight percent z i rconium 

tub ing  o f  d i f f e r e n t  w a l l  thickness was dense and 

appeared w e l l  bonded a f t e r  processing a t  1400°F f o r  1 

hour a t  i 0 , O O O  psi .  

Both t h e  powdered QMV b e r y l l i u m  and t h e  hot-pressed 

extruded PX20 bery l  1 i um densi f i ed and bonded sa t  i s- 

f a c t o r i  1 y. 

(2) 

(3) M i l d  s t e e l  cans and end plugs were s a t i s f a c t o r y  f o r  

dens i fy ing  the  bery l  1 ium and were easi l y  removed by 

n i t r i c  a c i d  p ick1 ing. 

Hydros ta t i c  pressing o f  powdered bery l  1 ium around t h e  

tub ing  and mandrel r e s u l t e d  i n  s l i g h t  bowing o f  t h e  

target .  

(4) 

(5) The b e r y l l i u m  b r i g h t  e tch  employed i n  t h i s  study was 

very successful. 
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RECOMMENDATIONS 

These recommendations a r e  l i s t e d  as a means t o  improve t h e  method 

o f  assembly and f a b r i c a t i o n  of bery l  1 ium tube h y p e r v e l o c i t y  t a r g e t s  by 

t h e  gas-pressure bonding processo 

S l i g h t  bowing (around 30 - 60 m i l s )  o f  t h e  t a r g e t s  a f t e r  

h y d r o s t a t i c  press ing could be e l im ina ted  by a more uni form 

packing o f  t h e  b e r y l l i u m  powder around t h e  tub ing  and mandrel. 

Some p r o v i s i o n  f o r  a l l e v i a t i n g  end loading u n t i l  t h e  compact 

i s  a t  a h igher  dens i ty  could a l s o  minimize bowing. A more 

extens ive study o f  press ing techniques would be h e l p f u l  i n  

s o l v i n g  t h i s  problem. 

Hydrostat ic  press ing and ex t rud ing  t h e  b e r y l l i u m  t o  a l a r g e r  

i n i t i a l  s t a r t i n g  OD would minimize sur face indenta t ions  a f t e r  

f i n a l  machining. Enough b e r y l l i u m  stock would then be present 

t o  machine o u t  these indentat ions.  

Since t h e  major o b j e c t i v e  o f  t h i s  study was t o  f a b r i c a t e  

t a r g e t s  f o r  hyperve loc i ty  test ing,  bonding parameters were 

no t  optimum. 

as a f u n c t i o n  o f  bonding condi t ions.  

The p r o p e r t i e s  o f  t h e  bond as a f u n c t i o n o f  source mater ia l  

were not  evaluated i n  t h i s  study. Depending upon t e s t  r e s u l t s  

obta ined by NASA, t h i s  phase o f  t h e  study should b e  more deta i led.  

The experimental data f r o m  t h i s  c o n t r a c t  a r e  recorded i n  BMI Laboratory 

(1) 

(2) 

(3) 

The q u a l i t y  o f  t h e  bond should be i n v e s t i g a t e d  

(4) 

Record Book No. 20460. 
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TABLE 3. BERYLLIUM TARGET DESlGNATION 

I tem Beryl 1 i um 
C 1  add i ng and Wall Thickness 

L i n e r  Ma te r ia l  

1 wv Sta in less  s tee l  - 
10 m i l  

2 QMV S ta in less  s tee l  - 
28 m i l  

3 QMV S ta in less  s tee l  - 
49 m i l  

4 PX20 Sta in less  s t e e l  - 
10 m i l  

5 PX20 Sta in less  s tee l  - 
28 m i l  

6 PX20 Sta in less  s tee l  - 
49 m i l  

7 QMV Niobium - 10 m i l  

8 QMV Niobium - 25 m i l  

9 QMV Niobium - 40 m i l  

10 PX20 Niobium - 10 m i l  

1 1  PX20 Niobium - 25 m l l  

12 QMV Niobium - 40 m i l  

-- Test bars QMV 

-- Test bars PX20 

One specimen each o f  Items 8, 9, and 10 d i d  no t  achieve f u l l  
dens i t y  due t o  a can f a i l u r e  dur ing  t h e  pressure bonding run. 
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FIGURE 2.  ASSEMBLED COMPONENTS PRIOR TO THE VIBRATORY 
COMPACTION OF THE BERYLLIUM POWDER 
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FIGURE 3. HYDROSTATICALLY PRESSED BERYLLIUM SPECIMEN 
PRIOR TO MACHINING TO CAN SIZE 
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FIGURE 4. CANNED BERYLLIUM SPECIMEN READY 
TO BE PRESSURE BONDED 
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FIGURE 5. EXTRUDED BERYLLIUM LINER TUBE,  MANDREL, 
CAN AND END PLUGS PRIOR TO ASSEMBLY 
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